ANOTECHNOLOGY has been revolutionized penetrating all sectors in our life through the nanoscience as an essential science for a wide range of technologies. Amazing achievements resulted from this nanotechnology including all agricultural fields such as plant nutrition and crop productivity, energy sector, food sector, and plant biotechnology. A conjugation between plant biotechnology and nanotechnology has been produced an important science called plant bio-nanotechnology. Several fields have been invaded through different nanobiotechnology applications in agriculture including (1) the nanotechnology of encapsulated agro-chemicals, (2) the monitoring of different environmental stresses and crop conditions using nanobiosensors, (3) the improvement of crop production and ameliorating plants against diseases and (4) solution several environmental problems. The crop productivity also could be improved using some new agro-chemicals (e.g., nanofertilizers and nanopesticides). These agro-chemicals are very effective in delivering encapsulating nanomaterials and then enhancement the productivity of crops as well as the suppress plant pests and diseases and protecting the environment from pollution. On the other hand, nanoparticles could enter the food chain via different nano-agrochemicals or nano-processed foods. Therefore, many approaches including uptake of nanoparticles by plants, entry and bio-distribution of nanoparticles into the food chain are needed before using of different bionanotechnological tools in agro-production sector. Further new regulations should be created or re-built for new approaches in plant bionanotechnology. Therefore, this review will focus on our needs and risks in the plant nanobiotechnology.
Introduction
Several attempts have been done to identify and define the nanobiotechnology including some books, reviews and original articles (e.g., Homaee and Ehsanpour 2016; Sarmast and Salehi 2016; Kaushik and Dixit 2017; Prasad and Aranda 2018) . It could be defined the nanobiotechnology as the science of studying the biotechnology of organisms at nanoscale. In other words, the nanobiotechnology (i.e., bio-nanotechnology or nanobiology) is referring to the study of the intersection between both the biology and the nanotechnology. This science is important for a wide range of several applications in many fields including agriculture, industry and medicine. Nanobiotechnology field also allows studying different conjugated sciences including molecular biotechnology, nanotechnology, chemistry, biology and engineering sciences (Jha and Prasad 2016; López-Valdez and Fernández-Luqueño 2018) . Several nanoparticles and nanomaterials have been used in different biotechnological purposes, where the size of nanoparticles used in agriculture in general ranges from 5 to 200 nm (Ghormade et al. 2011) . The issue of the biological methods for metallic nanoparticles production using plants as biofactories has received considerable critical attention and are eco-friendly and high efficient methods (Barman et al. 2014; Kuppusamy et al. 2016) . On the other hand, there are many applications of nanobiotechnology in agricultural sector including nano-encapsulated fertilizers (Chhipa 2016; Chhipa and Joshi 2016; Dubey and Mailapalli 2016; Khan and Rizvi 2017; López-Valdez and Fernández-Luqueño 2018) and pesticides (Kah et al. 2014; Chhipa 2016; Chhipa and Joshi 2016; Dubey and Mailapalli 2016; Khan and Rizvi 2017; Abd-Elsalam and Prasad 2018) as well as nanoparticles mediated genetic material delivery in plants (Hatami et al. 2016; Siddiqi and Husen 2017a; Tripathi et al. 2017a) . Furthermore, some delivery of mesoporous nanoparticles mediated DNA and proteins in plants have been proved (Rai et al. 2015; Chung et al. 2016; Rajan et al. 2017 ).
Food security is a major area of interest within the field of global security and a great challenge faces the increase in global crop production to meet out the extreme increase in the global population. Therefore, crop productivity is of paramount importance in both forms the qualitative and quantitative of foods. So, the nanobiotechnology has a serious mission in improving crop production as reported in many studies (e.g., Balaure et al. 2017) . These studies focus on the transfer of response of protein and other chemical complexes mediated by certain nanoparticles into the plant cells (Brandelli 2015; Rai et al. 2015; Álvarez et al. 2016; Sarmast and Salehi 2016) . Therefore, further investigations in the nanobiotechnology are needed to offer promising prospects in improving the production and management agricultural crops as well as the production of transgenic plants (Bhau et al. 2016; Misra et al. 2016; Balaure et al. 2017; Siddiqi and Husen 2017a) . Furthermore, the crop productivity also could be enhanced through using the nanobiotechnology by applied nano-encapsulated pesticides and fertilizers, nanoremediation for soil and water, and nanosensors.
Concerning plant nanobiotechnology, it refers to the nanofabrication, biosystem and applications of bionanotechnology for plants (Abdalla et al. 2016) . Therefore, plant tissue culture using nanoparticles or the plant bionanotechnology could be considered promising tools, where many investigations have been conducted in vitro using nanoparticles of metals/ metalloids or metal oxides like selenium (Domokos-Szabolcsy et al. 2012 El-Ramady et al. 2014 , 2016a , titanium dioxide (Safavi 2014; Cox et al. 2017) , silver oxide (Raman et al. 2015; Tomankova et al. 2015; Ehsanpour 2015, 2016; Cox et al. 2017) , copper oxide Rahmani et al. 2016) , zinc oxide (Rahmani et al. 2016; Javed et al. 2017) etc. Furthermore, many benefits have been gained from the utilization of nanoparticles in in vitro researches including (1) improving multiplication rate (Siddiqi and Husen 2017b) , (2) eliminate the contamination (Martínez-Fernández et al. 2015; Wang et al. 2015; Singh and Lee 2016; Fernandes et al. 2017) , (3) rooting induction of hard rooting plants (Domokos-Szabolcsy et al. 2012 , (4) ameliorating stresses such as drought and salinity (Tripathi et al. 2017b ) and (5) enhancing plant growth under low concentrations of nanoparticles (Capaldi Arruda et al. 2015; Abdalla et al. 2016; Gil-Díaz et al. 2016a, b; Siddiqi and Husen 2017b) . Therefore, this review will focus on plant nanobiotechnology and its importance for the productivity of crops. The needs and risks of plant nanobiotechnology will be lso highlighted.
Nanobiotechnology: an emerging global issue
In light of recent events in nanotechnology, it is becoming extremely difficult to ignore the existence of nanoscale materials and their main component of biological systems including protein molecules, DNA molecule width, immune system component and many other cell component (Jyoti and Tomar 2017) . By understanding the functions and advantages of this biological nanomolecules, researchers began to simulate this system by converting materials used in their researches in nano scale and studing their effect on biological systems Tripathi et al. 2019) . Nanobiotechnology expresses integration between nanotechnology and biological systems in particular into molecular biology and cell biology and classified as a novel and exciting field of research. Due to the global challenges and problems, the bionanotechnology could be considered a crucial global issue. Nanobiotechnology may help the universe in dealing with different global challenges including environment, food, energy and security Abd-Elsalam and Prasad 2018) . Therefore, it could be gained the inevitable fruits from utilization and exploitation of resources through the bionanotechnology including nanoencapsulation (Cano-Sarabia and Maspoch 2016), nanobiosensing and nanobionalyses Jyoti and Tomar 2017) . Several scientific articles and books have been published regarding the bionanotechnology and its applications (e.g., Sarmast and Salehi 2016; Kaushik and Dixit 2017; Prasad and Aranda 2018) . Therefore, it could be concluded that, the bionanotechnology is comprising both nanotechnology and biotechnology focusing on many fields like the pharmaceutical, environmental, agricultural, medicinal, energy and food . It also includes the study of nanotechnology for plants (besides bacteria and fungi), animals and humans.
Concerning the plant bionanotechnology, it covers the biosynthesis of nanoparticles using plants (including lower plants) and different uses for the therapeutic and diagnostic platform technologies. These plants have several benefits regarding the biological methods in tailoring nanoparticles including sustainable, cost-effective, simplicity, resource efficient and ecofriendly nature (Jha and Prasad 2016) . The significance of bionanotechnology will be appeared in facing the global problems and challenges under different levels including the environment, energy, food, pharmaceutical and medicinal fields.
Nanobiotechnology for crop productivity
There is no doubt that, a growing pressure on the agricultural resources including food, energy, land and water due to the growing human population necessitating a need for different innovative technologies to improve and conserve crop productivity (Khan and Rizvi 2017) . This reflects a serious challenge facing the increase in global crop production to meet out the extreme increase in the global population. The productivity of crops is of paramount importance in both forms the qualitative and quantitative of foods. So, the nanobiotechnology has a serious mission to improve the production of crops (Balaure et al. 2017) , where the crop productivity could be promoted through using the nanobiotechnology by applied nano-encapsolated pesticides and fertilizers, nanoremediation for soil and water as well as nanosensors. So, a great revolution in all agricultural fields has been achieved depending on the bio/nanotechnology including the production and protection of crops (Fig. 1) . In the agriculture, there are several applications for nanobiotechnology including nano-encapsulation of both fertilizers (Chhipa 2016; Chhipa and Joshi 2016; Dubey and Mailapalli 2016; Khan and Rizvi 2017; Mikhak et al. 2017; Petosa et al. 2017; Sarlak and Taherifar 2017; Subramanian and Thirunavukkarasu 2017) and pesticides (Chhipa 2016; Chhipa and Joshi 2016; Dubey and Mailapalli 2016; Khan and Rizvi 2017; Sarlak and Taherifar 2017) as well as nanoparticles mediated genetic material delivery in plants (Hatami et al. 2016; Siddiqi and Husen 2017a; Tripathi et al. 2017a ).
For enhancement the efficiency of amendments that should increase contact of fertilizer with plant leading to increase in nutrient uptake, minimize of particle size, resulting in increased number of particles per unit of weight and specific surface area of a fertilizer that should increase contact of fertilizer with plant leading to increase in nutrient uptake (Liscano et al. 2000) . The particles below 100 nm as nanoparticles could make plants use fertilizer more efficiently, more environmentally friendly through hamper of pollution and dissolve in water more effectively thus increase their absorption and distribution (Joseph and Morrisson 2006) . Therefore, nanotechnology such as using nanoscale fertilizer may offer new techniques to be used for crop management. The efficient use of nano-scale microelements was reported by many authors including titanium (Hasanpour et al. 2015; Singh and Lee 2016; Tan et al. 2017 ) silicon (Siddiqui et al. 2014; Ashkavand et al. 2015; Sabaghnia and Janmohammadi 2015; Qados and Moftah 2015; Liu et al. 2015; Wang et al. 2015; Mahdavi et al. 2016 ) silver (Seghatoleslami et al. 2015; Almutairi 2016) iron (Martínez-Fernández et al. 2015; Pourjafar et al. 2016 ) zinc (Seghatoleslami and Forutani 2015; Soliman et al. 2015) . The previous reports also described the role of nanomaterials in ameliorating biotic stress in plant habitat.
Nanocapsules for efficient delivery agrochemicals
As mentioned before, many agrochemicals could be delivered through encapsulation process. This encapsulation could be defined as a process in which enveloping or surrounding a material with nano-scale another material to protect it from the extraneous conditions (Cano-Sarabia and Maspoch 2016; Schoebitz and Belchí 2016; Sarlak and Taherifar 2017) . Several fields have been used or applied the encaspulated materials such as the agriculture, foods, textiles, paints, pharmaceuticals, printing applications and several other industries (Prasad et al. 2014; Sarlak and Taherifar 2017) . This encapsulation process also includes the material of the core could be confined within capsule walls for a specific period of time and the material of core also could be released either gradually through the capsule walls via the diffusion or when the external conditions will be activated the capsule walls to melt, break, or dissolve (Sarlak and Taherifar 2017) . In agriculture, the exapmles for the core could be included insecticides, herbicides, drugs, perfumes, biocides, vitamins, pheromones, fertilizers, pesticides, microbicides, whereas the examples for the shell or carriers includes polysaccharides (dextrin, chitosan, starch, gums and alginates), proteins (gelatin, lecithin, legumin and albumin), fats, liposomes, polymeric nanoparticles, biopolymers, organogels, dendrimers, solid nanoparticles, emulsions-base systems and metal-organic particles (Cano-Sarabia and Maspoch 2016).
Concerning the nanoencapsulation, it could be defined as the packaging technology for nanoparticles in different forms including the solid, liquid or gas, where the active substrace called the core and the secondary material is named as the matrix or shell (Sakao et al. 2013; Cano-Sarabia and Maspoch 2016; Schoebitz and Belchí 2016) . These nanocapsules may range from 1 to 1000 nm in their size, where this nanoscopic size represents the main reason for the large surface area of them. Regarding the main benefits of encapsulation process, they include (1) increasing the stability through the protection of the encapsulated against any environmental deactivation, (2) the safe handling for toxic materials, (3) the conversion of liquids to free flowing solids, (4) the separation of incompatible materials, (5) masking organoleptic properties such as color, taste, odor of substances and (6) controlled and targeted release of encapsulated active compounds (Ðordevic et al. 2015; CanoSarabia and Maspoch 2016; Khan et al. 2017) .
Concerning the nanoencasulation of fertilizers, it could be achieved through (1) encapsulating the nutrients by nanoporous material, (2) coating the nutrients with a thin protective film, or (3) delivering the nutrients as emulsions at nanoscale dimension level (Monreal et al. 2016; Khan et al. 2017) .
Regarding the nanopesticides, encapsulated nanopesticides are very active method in delivering the active ingredients of pesticides as well as suppress the plant pests and pathogens in a smaller dose of chemical substances. It could be also encapsulated the active ingredients of the nanopesticides in nanocapsules, which have the tolerance against the environmental conditions (Monreal et al. 2016; Khan et al. 2017) . Furthermore, there are many nanoformulations could be used in increasing the solubility of the poor soluble active ingredients to be more effective and slow release as well as protecting these ingredients from the premature degradation (Khan et al. 2017) . It is worth to mention that, several metal/metaloids or metal oxides have been used in plant protection against pests and pathogens in vitro (Table 1) including silver (Jo et al. 2009; Cvjetko et al. 2017) , copper (EstebanTejeda et al. 2009; Chhipa and Joshi 2016) , sulphur Paria 2013), zinc (Ahamed et al. 2011; Chhipa and Joshi 2016) and silicon (Chhipa and Joshi 2016) . The mode of action regarding the utilization of nanotechnology includes both toxicity of nanoparticles for pests and pathogens and the delivery of encapsulated nanomaterials to pesticides (Monreal et al. 2016; Khan et al. 2017) . Phytotoxicity resulted from nanoparticles under in vitro experiments in different conditions also was and still one of the most issues related to nanomaterials and their effects on plants ( Table 2 and Fig. 2) . On the other hand, there is a promising issue for nanotechnology representing in the use of the nanoparticles-based delivery systems due to the genetic transformation of plants. As well known, it could be produced the transgenic plants as a great tool and comprehensive useful in agricultural researches. As well known also, it could be carried out gene transfer using Agrobacterium sp. As well as the application of physical and chemicals techniques (electroporation, microprojectile, etc). Therefore, it could be applied the nanoparticlesmediated gene transfer methods in the direct transfer of DNA into the cells. These methods are better efficacy and have the stable integration as well as the rapid expression for the transgenic process using nanoparticles (Rai et al. 2015; Khodakovskaya and Lahiani 2016; Shukla et al. 2016; Pacheco and Buzea 2017) . These nanoparticles could be conjugated with nucleic acid developing the methodology of gene transfer in plants and improving the efficacy, stability and accuracy of transgenic process making it less time-consuming (Burlaka et al. 2015; Rai et al. 2015; Elahian et al. 2017) . Therefore, it could be concluded that, the encapsulation of nanomaterials could be considered the best method in delivering different agro-chemicals or different agricultural active ingredients in more efficient manner.
Nanobiosensors
Nanosensors or nanobiosensors are emerging as promising tools for the applications in agriculture and food production. These nanobiosensors offer significant improvements in selectivity, speed and sensitivity compared to traditional chemical and biological methods. Nanosensors can be used for determination of microbes or pathogens, contaminants and food freshness (Joyner and Kumar 2015; Bazin et al. 2017; Bhat et al. 2017; Kurbanoglu et al. 2017; Lee et al. 2017; Ray et al. 2017) . A detection technique that takes less time and that can give results within a few hours, that is simple, portable and accurate and does not require any complicated technique for operation so that even a simple farmer can use the portable system. If autonomous nanosensors linked into GPS system for real-time monitoring can be distributed throughout the field to monitor soil conditions and crop, it would be of great help. Nanosensors have the arrangement like ordinary sensors, but their production is at the nanoscale. Therefore, nanosensor can be defined as an extremely small device than can bind to whatever is wanted to be detected and send back a signal. These tiny sensors are capable of detecting and responding to physicochemical (sensors) and biological signal (biosensors), transferring that response into a signal or output that can be used by humans. Compared with traditional sensors and their shortcomings, nanosensors have several advantageous properties, such as high sensitivity and selectivity, near real-time detection, low cost and portability and other necessary attributes which are improved by using nanomaterials in their construction (Lu and Bowles 2013) .
Furthermore, nanobiosensors are getting applications in different industries other than food and agriculture, but recently many sensors have been developed after considering its importance (Jyoti and Tomar 2016; Kashyap et al. 2017) . In the field, nanobiosensors can detect the presence of plant viruses and other crop pathogens and the level of soil nutrients (Brock et al. 2011) . Nano-biosensors also allow the more quantification and rapid detection of bacteria and viruses, thereby increasing the safety of the food for the customer (Jyoti and Tomar 2016). For monitoring the impacts of agricultural pollutants on biological and ecological health, some researchers use nanosensors (Ansari et al. 2016) . These nanosensors also can use in increasing the crop productivity and reducing land burden, through electrochemically functionalized singlewalled carbon nanotubes with either metal nanoparticles or metal oxide nanoparticles and metal oxide nanowires and nanotubes for gases such as nitrogen oxides, ammonia, sulfur dioxide, hydrogen sulfide and volatile organics (Ramnani et al. 2016; Abegaz et al. 2017 ). In the field also, significant contributions of nanobiosensors research including the potential to radically alter the way sensors are designed, constructed and implemented (Al-Garawi et al. 2016; Kök 2016) . Biosensor design showed good compatibility between membranes and enzymes without a change of the conformation of the enzyme molecule and binding always takes place outside the enzyme active centers (Bäcker et al. 2017 depends on specific interactions makes atomic forcespectroscopy (Shuai et al. 2017) . Therefore, it could be concluded that, the nanobiosensors are very important tools nowadays in the modern agriculture and day by day the farmers can not improve their production without these anobiosensors.
Plant nanobiotechnology: needs and risks
The traditional methods of agricultural process including classical mineral fertilization, plant disease monitoring, determination of plant needs and irrigation times have a lot of problems which affect negatively the environmental systems. For example the use of mineral fertilizers such as nitrogen and phosphorous mineral forms and its leakage through surface water cause drastic changes in ecosystems starting from food nutritioning and blooming. Also, the transformation between fertilizer forms resulting from microbial activities and environmental conditions may cause the emission of some nitrogen forms to the air. So, it is required to search for new tools for efficient use of macro-and micro-elements (Delgado et al. 2016; Negm and Eltarabily 2016; Gamajunova 2017; Motesharezadeh et al. 2017 ). Nanobiotechnology introduces a good solution for most previous problems. It can provide efficient delivery systems and tools for encapsulation of mineral fertilizers. Even though this new scientific advance has been extensively used, health and environmental concerns are emerging among scientists and scholars. Apprehension is mounting regarding human health and the effects associated to the new technology. Because of its small size, nanomaterials have unique properties and could penetrate into human cells, causing inflammatory responses and oxidative stress ( Fig. 3; Schmidt 2009 ). Some scholars imply that nanoparticles could have similar influence or toxicity in the human body as asbestos (Austin and Lim 2008). There is not sufficient information to precisely understand the environmental effects of nanotechnology. It is reported that, there is a close relation between potential pathways for engineered nanoparticles into the natural systems and potential environmental risks associated with emerging nanotechnologies (Dawson 2008) . Preliminary studies on animal have shown potential toxicity of nanomaterials for liver, kidneys, and immune system. Additionally, the effects of exposure to engineered nanoparticles may be dissimilar from the effects induced by naturally occurring nanoparticles. The toxicity and influence of nanoparticles in the environment depend on their size, type, charge, etc. Additionally, the influence of nanoparticles on the environment depends also environmental factors, i.e., humidity, temperature, wind flow rate, the nature of light, etc. However, properties of nanomaterials including small size and large surface allow easy dispersion and bonding in the environment and with human tissues. One way in which nanomaterials enter the environment and humans is through agriculture sector (Rico 2015; Cai et al. 2017) . Nanoparticles strongly interact with soils. Nanomaterials enhanced plant foods nd pesticides are able to disperse into soil, water and atmosphere, to bond more strongly with pollutants and carry them through soil and water (Sastry 2012; Cai et al. 2017 ). Exposure to nanofertilizers and nanopesticides, can contribute to health hazards (Sastry 2012) . Migration of nanoparticles incorporated in food material to human has also a great and high risks (Berekaa 2015; Sharma et al. 2015; Geary et al. 2016) . In other words, direct exposure of consumers to nanomaterials poses a serious problem to human health. Nanoparticles can enter the human body through the skin, respiratory system or digestive system (Fig. 3) . However, as long as the nanoparticles remain bound, exposure is limited or very low. Health impact and safety regarding the application of nanomaterials was reported in detail by Teow et al. (2011 ), Samet (2014 , Costa (2016) and Musazzi et al. (2017) .
As mentioned before, the nanobiotechnology is the science, which belongs the study of nanomaterials, nanoparticles and nanosensors in agriculture, food, biology, environment and medicine as well as the nanomedicine including the diagnostics, therapy, imaging and drug development (Fig. 3) . Hence, the bionanotechnology combines both of nanotechnology and biotechnology in order to develop the synthesis of nanomaterials in biological and environmental friendly manner. It could be used the principles and techniques of nanoscale to biosynthetize different nanoparticles from living or non-living biosystems under the umbrella of nanobiotechnology (Srivastava and Kowshik 2015; Parveen and Rao 2016; Vena et al. 2016; Nordmeier et al. 2017 ). In general, there are two approaches in production of nanoparticles including the bottom-up and the top-down approach. Concerning the methods for nanoparticles production, they include biological, chemical and physical methods. Several organisms including unicellular and multicellular
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such as bacteria, fungi, actinomycetes, algae and yeast, have been used to synthesize inorganic nanomaterials extracellularly and intracellularly (Sharma et al. 2015; Park et al. 2016; Parveen and Rao 2016; Prasad et al. 2016; Roy et al. 2016; Dorcheh and Vahabi 2017) and higher plants as well (Benakashani et al. 2016; Siddiqi and Husen 2017a; Yuan et al. 2017 ).
On the other hand, many applications of industrial biotechnology have been reported in the last few decades including (1) remediation the environmental pollution, (2) reduction of atmospheric CO 2 level as well as greenhouse gases emissions and (3) production nanomaterials using biological agents like microbes and biomolecules (Dorcheh and Vahabi 2017) . Furthermore, the application of many different nanomaterials resulted from the biological agents in large scale production is called the industrial nanobiotechnology. This science could be characterized by the ability to produce and improve of interested nanomaterials depending on both bioinformatics tools and biotechnology Dorcheh and Vahabi 2017) . It is also reported that, plant virus particles could be considered as nanoparticles and could be used in bionanotechnology (Parveen and Rao 2016; Sarmast and Salehi 2016; Khan and Rizvi 2017) .
Several microorganisms have the ability to biosynthesize a large amount of inorganic nanoparticles in the environement ranging from the precious metals to the magnetic materials, e.g., Au, Ag, Ba, Cu, Cr, Co, CdS, Fe 3 O 4 , Fe 3 S 4 , Mn, Se, TiO 2 , Zn (Sharma et al. 2015; Prasad et al. 2016; Buzea and Pacheco 2017) . Like other lower plants, higher plants could be also used them to produce nanparticles even through some plant organs like rice husks (for silica nanoparticles) or plant extracts as listed below: Several reports have been published about the risks and hazards of nanoparticles in the environment, posing different risks to ecological systems (e.g., Hegde et al. 2016; León-Silva et al. 2016; Patil et al. 2016; Servin and White 2016; Hou et al. 2017; Lu et al. 2017; McGillicuddy et al. 2017; Yang et al. 2017; Lou et al. 2018) . Therefore, it must be stressed that, nanoparticles have side effects on the environment and human being. These nanparticles could be produced as well known from the natural (volcanic eruptions or natural aerosol particles from dust storms or from forest fires) and anthropogenic activities (human industrial activity like smoke from cigarettes, using of fossil fuels, the vegetation combustion and ultrafine-nanoparticle emissions in automobile traffic). So, it is very important to pay attention to public views regarding new technologies in agro-production during the product development stages and different risks of adverse as well as unintended consequences with nanotechnology (Wigger 2017; Zuverza-Mena et al. 2017 ). Due to using of nano-agrochemicals in agro-production, the health of several farmers will be at risk, where the nanofertilizers and nanopesticides may be easily dispersed into soil, water and atmosphere (Tripathi et al. 2017a) . Hence, several nanoparticles may enter the food chain via these nano-agrochemicals or through nano-processed food, raising the risks and hazards as well as the nanotoxicity in agroecosystems (Mattsson and Simkó 2017) . Therefore, the analysis of life cycle, the uptake of nanoparticle by plants, the entry and bio-distribution into the food chain, etc need a thorough investigation before these tools are used as products in agroproduction sector (Holden et al. 2016; Kumar et al. 2016; McClements 2017; Rizwan et al. 2017) .
Concerning the regulations for nanoparticles, it should be evaluated the risk assessment of manufactured nanoparticles and the risk management activities as well (Mattsson and Simkó 2017) . For the regulatory purposes, the risk assessment of nanoparticles requires knowing more information about the exposure time, the potential hazard and the dose used as well as the kind of nanoparticles, the possible changing in nanoparticles and its properties over time in the environment (Bicho et al. 2016; Dekkers et al. 2016; Priester et al. 2017 Lee and Stokes (2016) . Many studies have been published concerning the regulatory purposes for the risk assessment of nanoparticles such as Dekkers et al. (2016) , Hegde et al. (2016) , Stokes (2016), Feijoo et al. (2017) and Mattsson and Simkó (2017) . It is worth to mention that, it could maximize the benefits from the bionanotechnology in different plant fields. It must be stressed that, new regulations should be found to protect not only the human health but also the environment. Therefore, it should be also stressed on the evaluation of risk assessment of engineered nanoparticles application in all sectors including agriculture, energy, healthcare, transport, information and communication technologies.
Conclusion
Several challenges face humankind including the insecurity in enegry, food, water and land. This challenge will be increased day by day necessitating the need for innovative solutions such as the nanotechnology and bionanotechnology. It is well known that, there are many applications of nanotechnology in the agriculture and food sector as well. Concerning the potential of nanotechnology in the agriculture, it includes (1) increase the global production of foods, (2) improvement the productivity of crops, (3) protection of cultivated plants against diseases, (4) monitoring or detecting plant diseases, (5) enhancement food quality and (6) minimizing the loss in natural resources. Concerning the bionanotechnology, many applications conjugate between biotechnology and nanotechnology including the nanotechnology of encapsulated agro-chemicals, the monitoring of different environmental stresses and crop conditions using nanobiosensors, the improvement of crop production and ameliorating plants against diseases and solution several environmental problems. So, it could be used plant bionanotechnology for in vitro propagation of economic plants. Furthermore, it could be also carried out more investigations including the interaction between nanoparticles and plant responses, the understanding nanonutrient or element toxicity symptoms, toxic concentrations and producing biofortified crops, using of nanoparticles in remediation of multi-pollutants from soil and safety of plant nano-biotechnology (i.e., evaluation the risks associated with the transfer of nanoparticles through food chain). Therefore, it will be possible to perform a complete and scientifically sound risk assessment of the application of engineered nanoparticles in all industrial and public sectors, including agriculture, healthcare, transport, energy, materials, information and communication technologies.
Acknowledgments
Authors thank the outstanding contribution of EFOP-3.6.2-16-2017- 
